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Abstract In a goal-oriented dialogue, speaker’s intention can be approximated by a semantic
structure that consists of a pair of a speech act and a concept sequence. Therefore, it is very important
to correctly identify the semantic structure of an utterance for implementing an intelligent dialogue
system. In this paper, we propose a model to efficiently analyze the semantic structures based on an
active learning method. To reduce the burdens of high-level linguistic analysis, the proposed model
only uses morphological features and previous semantic structures as input features. To improve the
precisions of semantic structure analysis, the proposed model adopts CRFs(Conditional Random
Fields), which show high performances in natural language processing, as an underlying statistical
model. In the experiments in a schedule arrangement domain, we found that the proposed model shows
similar performances (92.4% in speech act analysis and 89.8% in concept sequence analysis) to the
previous models although it uses about a third of training data.

Key words : active learning, semantic structure, speech act, concept sequence

1.ME

- o] AF (=)=
A (1715 AR Y XL 7[eMEAR) e d8e
Uk =g

P K
& RS Az dolE
ge ol AN Fi

AT HFEL A
WAALY Adog Y8k 247) TEEA ATAE 5
TAANT
FEAecs Zddda FREAATE AL Bkt

2PA YAAE
olafalm 1o AP &
A5y AFY TP T

t A9 Judta AFPRENTY as o o]HF tisA2"EE TR AsiHe dEE T
nlpdrkim@kangwon.ac.kr Aste 4 sl $o9de A g E B3] BA

e | asa o4 g Sob @k, ¥ =RolME 49 =g SH(speech
Axtgrs 2008 39 319 Sk IR = Speec

Copyright @2008 §=7 E.3}3+3] : 71121 Aot 28 BAQA 75, of Az
9 AA £ i iy BARE Z& AR AHE ARE #H YT
ol wf, AHE-E AR SR ALEF 4 glom A Ho|X o B F79 EX
E Wt2A] gAE o Tt o] 9lo] BAo g EA WiE, &%, HAE F RE
T8 AHAHE ke B9l distds ARel 3718 dx vl 8-S x| Beflo}
.

BAEAES = TR AZES] R &8 A35F A53.(2008.5)

act)3 N3 Y(concept sequence)®] #oE o]Fo|zl
oln] ZE Yiglsit} F 12 B =FoA 3t 9
| ze d& BoZEth #E 194 BE A 2o 315
2 I3le] H¥E 99 5HAY 49t g4=F ey,
ML 39 F53Q AR guE Jepdth



SEHEUS o188 BT} YA £4

Hole
o

A on] 72 B4 307

X 1 olu] 729 o

23}

oful #2313, AL

() A 93 F 485

request, timetable—select

(2) e 2F 1AY FAEHH U6 R 501394 v|Ee] syt

response, timetable—select

(3) AlZto] uiHR

inform, timetable-update

(4) AR v FJAFUZ?

ask-ref, timetable—update-time

(5) &% 34

response, timetable—update—time

(6) Sf&HAIEE &F 1791 3A 2 |AsAFH

inform, timetable—update—time

37 AdEY B F A BT 9 o)&s}
7] W&o BF2Q #3 Fejwro g FE3h= o] |
T SJHTE Aol oF B9, & 19 93 5)E
®FHo 29k BASHH o7 L F 71X ou|
Z7} 7bsdtt
- ‘inform & timetable-select-time": @A AA= o] 2l

© & A7 dEFE 39
- ‘response & timetable—update-time” °¢F& A|ZF W

e 8% SH I

o) E5L A3 AslMe 3} (5)o Y
< s oF ot o] dAe] Hgo] v oMol T3}
(D& H3H EutE v F*9I
timetable-update-time’ & A& 4 it}

718 AFEL A¥ FE Ed(plan inference
model) & AT #AA|F(recipe)t B Y& A2
Z1z3) skoh2-4]. 2 9 oEHQd A AL o] 8%
ITEL & 99 FF3AY HAE Hud}
Fo AXNEE FFOE ] FHIof v B
AT HIZ = o)#gt dHe Z53] Yty A 7]
qre] kgt VA g BEdEe] ol&FHx 57l
FA 7Idke] 1A g RdEL o] s do)E)
ERY AFog F2H ARE o83 ogx HFd
A& WhElES EXFo g st U 7])E9]
A 7i¥te] RdE o|&sle & AFES A7) A
Mo BE A7 m¥o| = 9 ¢ dlojEE
T53oF gt o]HF FAHE AEs] A B =
BN = 5535 (active learning) HHHE o] 83
L g9 s dolglttorzr =& AHFEFL Hole
REHQA ov] &2 A 2d-g A|g3h

2 =59 7L tg3 2ok 23N FFEE 7

‘response &

whe) m&AQl ojn 2 B4 2dg ARsTh 3740
Ne A% deles Austn 43 dng $H o
Ao 2 44N AEL NPT FFAAE AT

2. sS85 0|28t 0| X BN AlAH

2.1 2la] =2 o

oo} TR A #g 7€ AFEL FoH BFE
o] glo] ¥l we} wiS FHHoE IS Fosta
AHgE) skt S 39 dEFHoR Aot ARE-E)
A s FAoA ufe FAUIA AMERLY] YEE 4
& ¢ Jdoe AHo| AN d9ES $AINAY HAEE
B%ol g8 & gAY AR Yol gtk Wil
At o]#HF EAE Fol7] YA B =&dAM= olE
ZF(1997[8] & 7122 99 EHF ey x&HQ 33y S
FoJsta, 4o og&2FQ riEL MEdES B39 H
Z351= WS ARSt) § 28 B =FoA ARSEh=
3S HoFEr)

27 g thgte Ao 2Ry 54 JRE ¢
U 72g3st7] YA JPHY, 7|E] B Wig A=
o dloJehlo]x AXHE o]&3l o]F JAAES
A 831G tHO,10]. olH3 71E Q7B 7IREo 2
FolAE R 33 go] dAFAY FAo BAI 271
olH 47}x] Aikxl, 871X H=E 3F TE NEE
Bz wbd[11,12]o) wel 6471412 AdEES A9l
A&t

2.2 Q0] = £M o4

she) g FASHs A AA 3 U NE AR L
3t U7X ov] 32 S5 & Akl &8 2o $
B3 Addo] A2 Sgojgta s PSS, 0 ,)

il

Ry

X2 %99 5% 39

313} A 3} v
Greeting i3} Aol QA Request FAE 8 A
Expressive tf3} Fwrlo] QA Ask-confirm oA wH3}e] #<l
Opening A ste] A)F Confirm el w3l §¢
Ask-ref WH-d & Inform AR AF
Ask-if YN-Z & Accept oA
Response 8




308 AR} S=EA

¥ 3 A 999 M4

gio] & A4z} AR
agent
date
nsert day-of-week
timetable delete time
alarmtable select person
update place
content
field

= 4 ()3 2o
P(SS, (U, ) =~ P(SA, |U, )P(CS, |U, ;) (1)
A= 7 oA B wet FUE ouie) F
< Bol9 £AME vHHEAY EH8 3 dolE A}
t 4 5L B39 o3 ez gdsiuz
P(SAle U“)q‘ P(aglz‘Ulz)E 2 AAtsls 2L o)
< FETL o83 FAE AFs7] HAM B =FdA
= W37t B AEE A M durslg £
fon, x| wslel F4 AFAEC] o)A wah olF
a3te] ojn Fxd FIE wXA| Fevtn A8,
A (1S 4 ()9 Zo] 13 &
P(SS, ,|U, ;) = P(SA, |F, ) P(SA, ) P(CS, IF, )P(CS, ;)
~ P(SA,|F; )P(SA 1 )P(CSIF)P(CSLJ
(2)
A (2N Fe iR 48] B3 AA 3o =H
|3 Az} FA AAE FAHAEH13) AF AAL FAL
7F F3E olHE LI, FAL AEL FAL ulo| 1Y
(bigram)€ Igith A& S, HdsA 87 e= w3t
HelA BA A7 H8/nep+3t/xsprAHl8/ef+ 2/sf
I AE W, olF AAL ‘9Md/ncp, 3l/xsp, A8/ef,
?7/st'e]al, FAF A-L ‘nep-xsp, xsp-ef, ef-sf’o|th.
o3 AR FAL AAY FEo] BUE 4 )7 £
o] Zt AAF WFIFY Ex AEE) Alol9 ¥ BA
F< AL, gtol E 49 nle A2 g Adgsle F

HzFo]l e AFAEL AAFI1214].
_ (A+B+C+D)x<{(AD— CB}?
X (fre) = A+ O <BrD <A+ B <(c+D)

oo, cx 38 EE JIEE HFE 9uidth AE
o &3l e L3t A 15 ¥ Ut 4 Be
olg]e] WFo &3l e W} FolAM & X
3t &, CE ool F3 Uxe 23} FAAAM 15 XTFIR &
= 93 ¢, De ¢ 0199 FF &3 e w3} Fo
A 1E X8R g U3 £§ on|gi:

s e EYC A4SIATN o]RY BE U
st 7155 13t A4 WS AdLE FEHe

4 @A e AAAH A EE FA ADE 9
C
C

2TEHS &

& A B A A 5 Z(20085)

2 AAse AL qdA R BErhssith £ =EdA
= 13} U]—:?!.E(Markov M-S T3t 4 2)F A @)
o} o] 113 &t
P(SS|U) = P(SA|F,)P(SA|S4,_,) (4)
P(CS|F)P(CS|CS, )
9T S8 24 88 PSAIF)PSAISA,_ )3 7}
39 24 88 P(CSIF)PCSICS,_)& 4 (B9 2
2 CRFs(Conditional Random Flelds) g ol&3tq A
-l 3=3

PCRF(SAl,anl,n) =

>

Z(Fl,n) GGSP(;EAJk(SAz pSA, Fl,'n?a)

1
Z(Fl,n)

P CS, IF, ) = exp(D D M (CS;_ 1, CSy Fy )
i=1 k

(5)
O9Y 18 £ =FoA A3 CRFs 7|4k ojun| +
Z B8 rdg IE U= gz FHSF Aojth
a9 104 Be A3 o] CRFst g 98 =
=9 o] FARHE W AAE &Y o XF &
E3-g A4y 93 F9eky gz ®do|tt CRFs
¥ HMM(Hidden Markov Model)9] @42 ¢ 7F3
S #3A 7= 5art o, MEMM(Maximum En-
tropy Markov Model)®] @ #Heol& TFF &A
(label bias problem)& FEE 4 Uvhe= AHE 7HAX
AolA HZ AoiAE] FolollA] 71} ol ARRHE B
Al7IRke} 714 g Edelth A ()M 54,3 OS5,
2 ol @32 FAE diglel JgdE 3 A F L9
e 29 339 AF99L vzt AF) e AE 84
olm, f,(84,_,,84,,F, ..i)% f.(CS,_,,CS,F, ,,i)= 3}
g EMa AdE BHS A% A dEA =949
(<84, _,,84;, > <(CS,_,,CS, >) o tisjr] A o

Sia A o
SA, SA., SA

e e oo
Cs, cS.,  CS

FI ’Cf-f F/ | F;"H'

3% 1 CRFs 7|¥te] 9ou] 3= £4 »de] Iz 72



sEdEUS o8

kel 3 AA AF FoM A2 for e 18
a%A god 09 e ARG AE
ilOlE}.
3 sSaa wy

:lfa 26 TGS ol8F ov] Fx BA A2d
8 FEEoY I 244 BHXo] At AxEe
ANERHT HE Aladog FAPAY F ol AERAA
H(sub-system)& 5L PHE ol&dle Yy 24
LE2RE AAE FEIT HYRFPo| & AL MG
o}, 8 AJA~R& CRFs(Conditional Random Fields)
[15,16]& o]&3ly & xd& i3ty Wz, dA)
BHg oo Fx Ri3 25 X8 o8 d§ S
448 21 sgd FAsA &e HolgE of
gt ] 2 BAE YT T AZEs e 319
k4ol EREE AEen) vixwo g Hdg ke &
Aol +ELE ou] FTZXE BF3m, g HAHLS uiE
A 8F Rdo A5S NI FHE AxdHe
HE 94¢¥ CRFs &8 7d< 7oz 3o ALER}
7t 48g digt £ o] F2E EAM%

A 7)4ke] 714 shr 2dS o) gdte] o I
2 27 HAMe e on Tz B3 goles

T80k gty FEGES HA4F % HolEE o

A fidd 7HE

g A0 Rx B

o] A B £&83F v TR B 309
&3t gt AW} £S5 3eR F4He HolEs A
Adtal FrtEhe AYS o %4 o= %:Bs}al st
g Fole WHo|t17,18]. 558G gdAe AF
T ZFAGAZ UHo 2. A 1‘* A H

&

3 dolel APl 7R g ZH(E =EMe
CRFs 2d)g 43t A% SHGANNE Sgof
FA3tA) Fe dolele diF BWrlE S8z, AFE
7} @e doleld] tsld AR} £FoE AYe B
At AZ7o) o5 Fgo] 2ag A st4 Hloet
=2 V&Y T EﬂOIE} Aol F7Hdth 19 32 9
Tz 2o 5E%4 WS FEIE PHS 1Y

A

A
L

3. & ¥ Bt

3.1 &8 dlo|&t

RS 98t IR FGANM Wizard-Of-0z
2o 7 A& o] A(simulation) 3 thal TEXE FR 3
T 5o s MdESs FAsHY £HE 2%
Ae 94 F71 A4, w39 #Ed &g ¥gsln
Aok TEAY FAHL 956709 thiH21,336709) ush)
2 AN, dstd B3 28 5 22327009 F
Sots doletel Aot dlolele Hlge 412 UF

MB AL

A2 YE et 28

T
{n+kM, %] k=0) } s
i L 4
) EH
T = NECEH (A i as
B2 U2 KA REX
{n+IH)
L 4
RE T
} = CRFsE 0| &8
: o] RX B
CRFs &5 & & EX
v 4
oD X B2 (5 28
| CRFsE 0|28t
CRF
e o olpl 7% 24
NGt

o+ kN

O™ 2 9r) 72 4 A&2HY FEE



310 ARSI =FA: AX

Edo] 2 38 A 35 A A 5 (20085

1. A diojlgl &

HZ ALE
3. CRFsE o|&3% T4 249 g

5. A X=(BE ¥A Yo s
X 4z o AE)

T

TE%E HolH(B0%% 4587t HofH(@20%)2 T
2. 55%E doleY 0.6%° st 502 ov] 72

4. 9v) 327} BHEHA §L HolHE ol§3q TA =4 37}
a9l whe] B
6. S AdF 5o ANFsh= N EFHo Uy FEoE ov] Fx 3 F
7. 0.6%+ k719 FHUYo|HE AL&3 o 319 AFHE9 WErt gAY A FE

ol g A (244 (NE W2
8. A=37}t dolEHE o]43d H= REg 7}

%4 $ysta Fadol

Ag &8, Add 424 o

a9 3 gu) 72 24E A SEoe P

Qqew, F AFe = 800/4= APt CRFs
2deo Uy HA QA2 FALDIFTL L-BIGSE
o]-gstHoB[19], 4 dlolgl FAE HS HeF 8
A Gaussian Priorg ©| 83t tH15]. Gaussian Prior
9] @2 1022 HAsHon, FH Ny Ige 002
A stA o

3.2 &8 &

T 4= 06%9] 7] FHUOELE A|Fo g FEG
& Xy HA w3 vl FFH7E dHolelE o] 83}
BEES %-75] g ANE HAF
3 Ad, AFETE @2 39 ERAENA
3)-3) ﬂ‘é% -E——‘l EFd) 23REH= Ao 27)de 3
AA % 5}%—% PstAx HHY golde #EAY
2 33 B4 AEE 24 A A
dAo] AXT A FPE& olvgte A4l
& TIAFT ZoF HAY or] Rz EXMd A3l
7H9-58 AHE Anz H|£3 ZE4 =22% 5 U
th 33 EAMo Ao EFNA AdEE £ YR
ARg8fobut d= Avt e, MEE Bl 4w

m
.
m[ru f
M
_|>~

4 5o o2 JYFE ¥z}

Fad o]eH%) S8 JEE(6) | AdE FEE(%)
0.6 76.2 56.9
4.7 795 69.3
9.2 83.8 782
15.7 87.1 83.3
229 90.7 86.2
217 92.4 89.2
306 924 89.8

X 5 33 B4 Ao AdEE

3 ERNA 3E B HRZ AREFof 3= HE
A £ A olA =3 3siF Afdge] M2 ¢
A %Yol opjeke g FAAETT ¥ 4 Uk
# 5T 3 B4 Ao MEEs mydokste dE B
SEaet

HE 5ol 3l (3)Y Fye ZAd7] At ws)
(2)9) shaiwre nsohE w3t (3)9) 382 informo)
g 7ol wi-¢ agh ey vk 33k (3)9 EE

g nERgE 23 (3o] Wit (29} WS VA o
#5)0] A1 1AL uje WAY GRFE NS 2=

& 471 Utk ol# g Abdel 71xshd @3} (3)9] 33
o 15751% AZHe A 2" A Agslr] 93 response
= RAE & F U} olYI3 FAE TEHL=E 3F
371 i A (DS AT AEF A 24 F
go] 99 Aoz Ayt

# 62 F5YFS AMESHA ¥a F™HolElERH
0.6%, 15.7%, 060/94 UEFXE FAHRE F23 &
¢ F, A5H7t dojeg o83ty AFES ST
Z2RU = 2 E"%Tﬂr # 69N BE AT 2ol TEYHES
o] 8¢ H5-7t Yt skFE o8 AHeHT Y £
4 MEdE B BTN & AYES Bt 5
FHdolere] 157%F AHSY AWT 306%S AHEE

x5

—l

£ 6 dubHQ Sol e JEE W

2o EH %) 33 AEE(%) | NEdE FFE%)
0.6 76.2 56.9
15.7 86.5 78.0
30.6 87.5 82.1

A oF 3= 8-+ 9

53}

33 NE g

(1) A28 o] vHAAEU7Y?

Ask-ref Timetable-update

(2) AFEAL Sk Gz} nEAgiol.

Response Timetable-update—-date

(3) AR 349 209 0]k

Response Timetable—update-date




SESHEHE 08D

£ 7 71& 2dA] AH¥E vl

2d(Fddolel %) &3 AFE(%) | HEE FFE(%)
En-2005(100) 90.4
Lee-2006(100) 91.9 89.9
Al 22(30.6) 92.4 89.8

Al o 2 PHE Aolg B AL SFHEL
o] 8% At Edo] wle ELHYL HATE Holg
g4

E 72 FdUolg EFE AMgdle 7Y F 29
(En-2005[20], Lee-2006[12])3} 24.5%9HS Al&-3}= A
¢ =9 Ajole] HEES vwF AHoth

FE 79A En-2006= At 2di FU3 d¥ A4
(T3 AEF F9 )& SVM(Support Vector
Machine)®] ¥ZHo =z AlL3lo 33L& EFdl= 2d
olth. (&%, 2005)[20]0) wa2W EX A7 B x|
Ao & AA(FEEATE 0|83l wRFoRZ F3

© A 989 #9849 AF)E FRIYE A5
3 7 Adeol FdHe ez 48A ot 28y
B E=RAME (227, 2005004 AHE3 AR T3
TEEH7IE 78 7 slolx FEAEC] F7td 43
S FYPF = UUt Lee-2006 A} =l GAFH
U A 7o g FEA A @3t NdE B
ANRE 3 /7ol o8t HFES I A
o 2dojth, ® 7oA HXEo] FFELES AMSdlE A
ot Rde & mde] 1/3 £F9 306%9] &< Hlo]
ElE ARRSlaE HSd 39 FFES 42 5 I4
o} o] § Al 7|x3t A Tdo] V&Y RdE

Boh G4 Z8AYS ¢+ Ak
4. A &
2 =RdE 5L olgdtd e =g

gHoz dote AR ou] 7x ¥4 RS A
sk v T BN FEA%FS HEP 293
a4 e A$E wustel ¥ o) 13 579 FUY)
RS olgHIAE ML 5T FHEL
AT, £ THE AAoiHY BoplM wE A%
°)% 9IE CRFs& 5553 FEAA on 7
4 oMol A 7F54L Fohugich

$F Az A, ALH P dwHoz A
2 & YEAE 87 93kl YPBE o] ol o
£ 9950 U@ thd 4Pl VR Ao BAG:

BN o mlO
M -l‘r

A, TG AFAEr G BEAS A o=E A
ag + g Awdeln AuAe o G Bt
ged Aow HIITH

o] Al TR HE

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

(11]

[12]

[13]

[14]

[15]

4 o] 72 BA 311

Levin, L. Langley, C. Lavie, A. (Gates, D.
Wallace, D., and Peterson, K., "Domain specific
speech acts for spoken language translation,” in
Proceedings of 4th SIGdial Workshop on Dis-
course and Dialogue, 2003.

Caberry, S., A pragmatics—based approach to ellip—
sis resolution. Computational Linguistics, Vol.15,
No.2, pp. 75-96, 1989.

Lambert, L. and Caberry, S., "A tripartite plan-
based model of dialogue,” in Proceedings of ACL
1991, pp. 47-54, 1991.

Litman, D. J. and Allen, J. F., A plan recognition
model for subdialogues in conversations, Cognitive
Science, Vol.11, pp. 163-200, 1987.

Langley, C., "Analysis for speech translation using
grammar-based parsing and automatic classifica-
tion,” in Proceedings of the ACL Student Ke-
search Workshop, 2002.

Lee, S. and Seo, J., "An analysis of Korean speech
act using hidden Markov model with decision
trees,” in Proceedings of ICCPOL 2001, pp. 397-
400, 2001. |
Samuel, K., Caberry, S, and Vijay-Shanker, K.,
"Computing dialogue acts from features with
transform-based learning,” in Proceedings of the
AAAI Spring Symposium, pp. 90-97, 1998,

o)|¥A, gt=ro] gigtH FFe] FHF 4 M=
. A7idignr, 1997,

Goddeau, D., Meng, H., Polifroni, J., Seneff, S,
and Busayapongchai, S., "A form-based dialogue
manager Tfor spoken language applications,” in
Proceedings of International Conference on Spoken
Language Processing, pp. 701-704, 1996.

Kim, H., Seon, C., and Seo, J., A dialogue-based
information retrieval assistant using shallow NLP
techniques in online sales domains, IEICE Infor-
mation and Systems, Vol.E88D, No.5. pp. 801-808,
2005,

Kim, H., A dialogue-based NLIDB system in a
schedule management domain. Lecture Notes in
Computer Science, Vol.4362, pp. 869-877, 2007.
Lee, H., Kim, H, and Seo, ]., Efficient domain
action classification using neural networks. Lec-—
ture Notes in Computer Science, Vol4233, pp.
150-158, 2006.

BARA, MAA, 2 A 7]HE o]&%
2%, I ARAE3] =F A,
284, 2003.

Yang, Y. and Pedersen, ]J. O. "A comparative
study on feature selection in text categorization,”
in Proceedings of ICML 1997, 1997.

Lafferty, J., McCallum, A., and Pereira, F., "Con-
ditional random fields: Probabilistic models for
segmenting and labeling sequence data,”

ol=ro] 3}
A|30A 3%, pp. 278

in Pro—



312 ARYEFI=ER: AZEY O] £ & A H A A 5 F(20085)

ceedings of ICML 2001, 2001.

[16] Pinto, D., McCallum, A., Wel, X,, and Croft, W.
B., "Table extraction using conditional random
fields,” in Proceedings of SIGIR 2003, 2003.

(171 Cohn, D., Ghahramani, Z., Jordan, M., Active lear-
ning with statistical models. Journal of Artificial
Intelligence Research, Vol4, pp. 129-145, 1999.

[18] Riccardi, G. and Hankkani-Tur, D., Active learning:
theory and applications to automatic speech reco-
gnition, IEEE Transactions on Speech and Audio
Processing, Vol.13, No4, pp. 504-511, 2005.

[19] Fei, S. and Pereira, F., “Shallow parsing with
conditional random fields,” in Proceedings of HLT
& NAACL 2003, 2003.

[20] &%, o|8%, XMAA, AAHE Z]F) support vector
machines) & ©]&¢F fhol I F 4 AR A s}t
3l =8A, A12BA 3%, pp. 365-368, 2005.

P

B 19963 BEustm @AA IS AL
19983 AMAdistm FAFEHSH  HAL
200339 APt FFES AL
2004'@ University of Massachusets,
Amherst SPAMEATFY. 2000 =3
AZEANATE AIdE7H. 20066 ~FA)
Ut AFHARTATERF 25 BTk ¢
TR AE], A D tfo] Hel, dist Ue{#Holl Al&
B ARAN AlAE FHojgH AlXE




